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Chapter 7 Conclusions 
The purpose of this work is to investigate organic functionalization of two silicon 
surfaces, Si(100)-2×1 and Si(111)-7×7, with multifunctional molecules under UHV 
conditions. The binding mechanism and reaction selectivity at the organic/silicon 
interface were studied using HREELS, XPS, and DFT theoretical calculations. This 
chapter summarizes the results of research work described in the previous chapters 
and discusses some suggestions for further studies. 
  This work focuses on the study of organic modification of silicon surfaces with 
three kinds of compounds, including alcohols, ketones, and isothiocyanates. 
  In Chapter 4, the attachment of allyl and propargyl alcohols on Si(111)-7×7 was 
investigated using HREELS, XPS and DFT calculations. The HREELS and XPS 
experimental results suggest that both allyl and propargyl alcohols are dissociatively 
bonded on Si(111)-7×7 through the hydroxyl group, which are further supported by 
DFT theoretical calculations. These studies suggest that the OH dissociation reaction 
is highly favorable compared to [2+2]-like cycloadditions via C=C/C≡C for organic 
reactions on silicon surfaces. This surface reaction selectivity may be reasonably 
explained by the large spatial separation between the adjacent adatom-rest atom pair 
on Si(111)-7×7 compared to the bond length of C=C/C−C in [2+2]-like cycloadducts.  
Additionally, the kinetic preference of a nearly barrierless pathway through a 
dative-bonded precursor formed through the charge donation from the O lone pair to 
Si adatom can not be neglected. The retained organic functionalities (C=C/C≡C) in 
the resulting surface species for allyl and propargyl alcohols adsorbed on Si(111)-7×7 
may be employed as precursor templates for further construction of molecular 
architectures on silicon surfaces. 
The adsorption of several unsaturated ketones on silicon surfaces was presented in 
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Chapter 5 to investigate their interfacial reaction mechanisms and hence explore the 
effect of molecular structures on the reaction selectivity. Diacetyl, a type of 
σ,β-unsaturated ketone, bonds on Si(100)-2×1 through [2+2]-like cycloaddition via 
one carbonyl bond in a selective manner. However, the adsorption of acetylacetone on 
Si(100)-2×1 was found to occur primarily through an ene reaction via the cleavage of 
middle α-C−H bond to form conjugated C=C−C=O skeleton in the chemisorbed 
species. DFT calculations suggest that the interaction of both diacetyl and 
acetylacetone with Si(100)-2×1 is kinetically controlled. The different chemisorption 
activities for diacetyl and acetylacetone attached on silicon surfaces suggest that the 
surface reaction selectivity of multifunctional compounds can be controlled by 
precisely tailoring molecular structures of adsorbates, offering a great flexibility in 
organic functionalization of silicon surfaces under UHV conditions. 
The binding of ethyl vinyl ketone on Si(111)-7×7 was investigated in the latter part 
of chapter 5. Both HREELS and XPS experimental results clearly demonstrate the 
direct involvement of conjugated C=C and C=O bonds to form a 
SiCH2CH=C(CH2CH3)OSi surface species via [4+2]-like cycloaddition in a highly 
selective way. DFT theoretical calculations suggest that the proposed [4+2]-like 
cycloadduct for ethyl vinyl ketone adsorbed on Si(111)-7×7 is both 
thermodynamically and kinetically favorable. The thermal stability of [4+2]-like 
cycloadducts can be clarified by the good compatibility of the dimensions of an 
adjacent adatom-rest atom pair on Si(111)-7×7 and the spatial separation between the 
terminal C and O atoms in the adsorbate, which reduces the structure strain of surface 
intermediates. 
For the adsorption of methyl isothiocyanate and allyl isothiocyanate on Si(111)-7×7 
(Chapter 6), a [2+2]-like C=N cycloaddition is preferred over other competing 
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cycloadditions via the C=S or C=C bond. This reaction selectivity may be attributable 
to the electron-rich C=N bond region because of polarization, and the higher electron 
density at the N atom compared to the S atom in N=C=S. In addition, the zwitterionic 
diradical character of adjacent adatom-rest atom pair on Si(111)-7×7 facilitates a 
strong electrostatic attraction between the C=N region and positively charged Si 
adatom. Different from other organic reactions on silicon surfaces which often 
involve multiple reaction pathways, the high degree of selectivity for isothiocyanates 
adsorbed on silicon surfaces may provide a useful means to develop highly selective 
attachment of organic monolayers on semiconductor surfaces. 
To conclude, the results shown in this thesis demonstrate that silicon surfaces can 
be efficiently modified by the attachment of various chemical functionalities, creating 
molecular templates for the fabrication of new hybrid organic/silicon devices. A 
detailed understanding of reaction selectivity and competition of multifunctional 
molecules on silicon surfaces can be achieved with the usage of combined surface 
analysis techniques and theoretical calculations. The incorporation of myriad and 
tunable organic functionalities to silicon surfaces gives much potential applications in 
semiconductor industries and many newly emerging areas. Further investigation of 
silicon surface chemistry is desired to develop experimental techniques for protection 
/ deprotection of functional groups in vacuum and to construct molecular architectures 
on silicon surfaces through the deposition of organic multilayers in a controllable 
fashion. The organic bilayer formed through chemical linkages on silicon surfaces 
with the help of pulsed laser has been under study in our research group. 
